Introduction
The provision of adequate water for human use has become one of the most difficult problems in many regions of the world, especially in the third world countries. Large numbers of human diseases are transmitted by water and cause various serious diseases, which may cause death such as cholera, typhoid, dysentery, amygdala, viral hepatitis, poliomyelitis, shigellosis, etc [1] . Studies in developing countries indicated that more than 875 million diarrhea cases occur every year, with 3 million deaths due to the use of unsafe drinking water that leads to diarrheal diseases specially in children [2] . For example, many African people suffer from lack of clean water. 18 million people in Kenya and 57 million in Nigeria do not have access to clean water. More than 3,100 children in Kenya and 45,000 children in Nigeria die every year from diarrhea caused by contaminated [3] .
The truth is terrifying according to UNEP (United Nations Environment Program) predictions [4] that two-thirds of the world's population will suffer from water shortages by the year 2025, including 25 countries in Africa alone. The continued environmental deterioration may lead to a disaster that is difficult to overcome. Therefore, the international public opinion has stimulated the concerns of increasing water pollution and decreasing its amounts with increased community. Thus, awareness is recommended by all means of information. Especially, in developing countries, including Iraq with the activation of the role of environmental laws. The periodic inspection and controls of water resources are encouraged. The tracking of pollution sources to reduce deterioration of water is very important. Also, the trend towards rationalization of water consumption in all areas to maintain this wealth with the use of modern methods for estimating water quality, such as using mathematical models to assess the surface and groundwater quality should be taken into account.
The use of WQI models of water quality was widely spread after the introduction of a mathematical model by Horton in 1965, which was later developed by Brown in 1970 [5, 6] . Over time, a large number of models have been proposed and developed because of the evidence's ability to give a single value that reflects the interferences between large numbers of data and water characteristics which are understood by all [7, 8] . Some models, such as CCME WQI, WAWQI, the National Sanitation Foundation (NSFWQI) and the OWQI OWQI are among the most widely used and popular models in the world [8] . The CCME WQI model is widely used worldwide by researchers to evaluate water sources and determine the degree of contamination. This model is concerned with the weight of the parameters, which is a deviation of even one test from the standard limits, but also to the weight of each measurement (test value) deviated from the standard limits, which gives high precision in the assessment of water quality studied [9] [10] [11] . Therefore, the study was conducted with the aim of assessing the groundwater of Al Nimrud district for drinking purposes using the Canadian Model.
Materials & Methods
Study site: Some physical and chemical properties of groundwater sources were studied in Al-Nimrud district, Nineveh governorate, southeaste of Mosul city, along with latitude (36 10`N) and longitude (43 20`E). Ten wells were identified randomly, as shown in Fig. 1 and most of them are unpalatable and of bitter taste because the geological formations of the study area are characterized by the formation of Al-Fatha (lower Faris) containing the evaporated salts, gypsum, anhydrite, limestone, etc., leading to deterioration of the quality of water [12, 13] .
Water sampling: Forty-four water samples (during the dry season) were collected using clean polyethylene bottles for physical and chemical measurements according to internationally approved analysis methods [14] .
Methodology:
The acid function was measured by the pH meter after regulating the device with multiple buffer solutions having pH 9, 7 and 4.
Total dissolved solids were determined by evaporating filterable water samples; the obtained residue was further dried at 105°C. Total hardness, calcium and magnesium were measured by EDTA titration methods [14, 15] . Total alkalinity was determined by titration with sulfuric acid using methyl orange and phenolphthalein as indicators, also chloride by silver nitrate titrimetric method ( Mhor M.). Amounts of sodium and potassium were evaluated with the Flame photometer. Sulfate ions were determined by Turbidimatric M. and Nitrate was measured by Ultraviolet screening M test. 
Calculation of the Canadian Water Quality Index
The Canadian Mathematical Model of Water Quality is characterized by high accuracy and the values of the index are calculated by three factors as follows [16] [17] [18] . (Table 1) . 
Results and Discussion
In the present study, the physiochemical analysis results of groundwater, which was collected from ten wells of Al-Nimrud district are presented. The guideline values (objectives), recommended by Iraqi standards [19, 20] are listed in (Table 2) .
The values of the various scopes (K 1 ), frequencies (K 2 ), and amplitudes (K 3 ), with their respective WQI, are presented in (Table 3) . During the study period, the CCME WQI values of the groundwater at the wells showed that the water can be ranked from 21 to 62. The WQI values were relatively lower; however, these values revealed that the groundwater quality could be ranked as marginal at the wells 3, 5, 9 for drinking and domestic uses. However, the values obtained for remaining wells were lower than 38 making the water to be ranked as poor quality water.
The decrease in WQI values is an evident that different pollutants are present in the groundwater due to the their geological formation; that is Al-Fatha (Lower Fars) that consists mainly of gypsum, anhydrite, evaporated salts limestone. Moreover, various agricultural activities may be accountable for the poor water quality [21] . Thus, the results of the current study of water quality index clearly indicate that the state of most of the groundwater in the study area is not suitable for human use.
The value of pH has an impact on the quality of irrigation and drinking water because of its effect on the balance of carbonates and water content of mineral elements [22] . The results shown in Table 3 indicate the relative fluctuation of pH values ranging between 6.55-7.72 and 77% of the water samples were within slightly alkaline range due to the presence of bicarbonate ions [14] . The low values of pH were may be due to the high concentration of salts, chloride and sulphurous phase at the expense of the bicarbonate phase, resulting in slightly acidic pH values [23] . This resulted in increased solubility of toxic mineral elements in rocks when the water passed through the geological formation and thus increased the negative effects on the consumer of this water [23] . All values are generally within the permissible drinking limits of WHO [20] .
Total dissolved solids are important components of water and are a measure of water salinity [24] . The obtained results of TDS (Table 3) indicate that the concentrations of TDS for the studied water ranged between 1340 -5782 mgL -1 , these high concentrations are the indicator of excessive dissolution of rock minerals and salts [16] . These results are similar to the results obtained by Al-Saffawi [25] when he studied the groundwater of Al-Conseya village, Hamidat subdistrict, which had TDS value of to 2944 mgL -1 and relatively larger than the results obtained for the groundwater of Al-Kubah and Al-Sherkhan areas north-west of Mosul city, which had TDS value of 2112 mgL -1 . In general, all studied samples exceeded the upper limits set for drinking water [20, 26] .
The total alkalinity plays an important role in acid neutralization (ANC) as it minimizes the negative effects of acidic water on aquatic ecosystem [27] . In general, total alkalinity ranged between 126 -644 mgL -1 and 79 % of the tested sample were found to have higher values than the permissible limit (Table 3) . This relatively high concentration is due to the reactions occurring in the water when it passes through the geological formations as shown in the equations below [28] :
The total hardness of water plays a protective role to reduce the toxic effects of some toxic substances such as heavy metals. This effect increases by increasing its concentration, as toxic elements compete on absorption sites [9] .
The results obtained by groundwater surveys conducted in this investigation revealed that average of total hardness is varied between 690-2720 mgL -1 . The values obtained were beyond the maximum permissible level recommended by the WHO for drinking water [20] . This increase in concentration is due to the dissolution of minerals from the rocks in the geological formations [16] . The mean concentrations of calcium and magnesium were ranged between 87-514 and 119-381 mgL -1 , respectively.
It is useful to mention that, in all parts of Iraq Na +1 ions concentration is greater than K +1 ions. In these groundwater samples sodium and potassium concentrations reached to 820 and 115 mgL -1 , respectively. These variations are due to the high solubility if sodium ions in water and potassium ions adsorption ability on the soil via ion exchange mechanism. However, 77 % of tested samples often contained higher concentration of Na +1 may not be suitable for domestic and livestock purposes [29] . Determination of total chlorides is an important parameter in assessing the water quality. Chlorides have high affinity towards sodium and hence their concentration is high in groundwater due to the geothermal gradient. Soil porosity and permeability plays a key role in building up the chloride concentration. High concentration of chloride makes water unpalatable and unsuitable for drinking and livestock watering [21] . However, the mean concentration of total chlorides in the samples is varied from 124-498 mgL -1 . Also, it was found that 79 % of tested samples exceeded from the permissible limit of chlorides that is 250 mgL -1 .
High concentrations of sulfate ions give water a bitter taste and causes diarrhea, especially in the presence of magnesium ions. They are naturally occurring anion present in all kinds of natural water bodies [30] . The sulfate ions concentrations in the present study were varied from 393-1865 mgL -1 and the results indicated that 97 % of studies samples were exceeding from the acceptable limit of sulfate ions concentration (400 mgL -1 ) recommended by the WHO for drinking water. The high concentration of nitrates is a serious threat to human health. The high amounts of nitrates in drinking water cause Blue baby syndrome especially in rural areas that use groundwater as a major source of drinking water. In addition, studies indicated their relationship with the occurrence of tumors such as cancers of the stomach, rectum, colon, and liver. Also, they cause abortiont and sudden death at the time of births [31] . Fortunately, the concentration of nitrates in the studied samples did not exceed the permissible drinking limits (50 mgL 
Conclusion
This study suggests that the groundwater quality of the Al-Nimrud district is affected by high salinity, total hardness, sulfates, chlorides etc. due to the geological formation of the studied area. Their values exceeded greatly from the standard limits set by WHO. Also 70 % of WQI values of the studied area revealed that under study samples were poor for drinking purpose. So, there is great need to control and conduct periodic tests of water quality in order to determine emergency cases. Moreover, an extensive treatment of this water is required before using it for drinking purpose [32] .
